We report on the results of penguin-mediated B decays at the Belle experiment. The analyses were based on approximately 32 million BB events collected at the Υ(4S) resonance with the Belle detector at the KEKB e + e − storage ring. The b → sγ transition was studied through exclusive decays: B → K * γ, B 0 → K * 2 (1430) 0 γ, B + → K + π − π − γ, B + → K * 0 π + γ and B + → K + ρ 0 γ. The b → sℓ + ℓ − transition was searched through both exclusive decays, B → K ( * ) ℓ + ℓ − , and inclusive decay, B → Xsℓ + ℓ − . We observed the decay processes B + → K + π + π − γ and B → Kℓ + ℓ − for the first time.
Introduction
In the Standard Model (SM), flavor-changing neutral current (FCNC) decays are forbidden at tree level. However, FCNC decays are induced through loop diagrams, such as penguin diagrams or box diagrams. These loop diagrams are sensitive to new physics, since heavy particles beyond the SM, such as charged Higgs or SUSY particles, contribute to additional loop diagrams, branching fraction or kinematic variables can be deviated from the SM values. We have studied the FCNC decays of b → sγ and b → sℓ + ℓ − using a data sample collected with the Belle detector 1 at the KEKB 2 storage ring. The data sample corresponds to 29 fb −1 taken at the Υ(4S) resonance and contains approximately 32 million BB pairs.
Exclusive B → K * γ decays were reconstructed from a high energy photon and a K * (
The continuum background was suppressed by a likelihood ratio, which was constructed from an event shape variable Super Fox-Wolfram (SFW) and the B meson flight direction. After applying a likelihood ratio cut, the K * γ final state was cleanly reconstructed. The beam energy constrained mass (M bc ) distributions for each sub decay modes are shown in Fig 1. We obtained the branching fractions:
+0.59 −0.54
We also checked for any partial decay rate asymmetry. We only used the self-tagging modes: K ± π ∓ γ, K ± π 0 γ and K S π ± γ. The wrong tag fraction due to hadron misidentification was estimated to be only 1.2%. We determined the partial rate asymmetry as
which corresponds to
and was found to be consistent with zero. This limit is the most stringent over previously published results [3, 4] . 
Analysis of
) 0 γ analysis, the selection criteria used were similar to those used in the K * γ analysis. The K * 2 (1430) 0 was reconstructed from K + π − , which lies between 1.25 and 1.60 GeV/c 2 . We obtained 27.0 ± 6.7 +0.8 −3.4 events for the B → K + π − γ decay from the M bc fit (Fig. 2) .
To distinguish the signal B 0 → K * 2 (1430) 0 γ from K 1 (1430)γ and non-resonant K + π − γ, we performed a unbinned maximum likelihood fit to M bc ,the helicity angle (cos θ hel ) and the K + π − invariant mass (M Kπ ). Fig. 2 shows the cos θ hel distribution, where the continuum background has been subtracted. We found that K * 2 (1430) resonance was the dominant component and obtained a signal yield of 24.0
+0.58 −0.53
This result is consistent with a previous measurement 3 and theoritical predictions. 
We extended the same analysis to the three body hadronic final states of radiative decay. The B + was reconstructed from K + π + π − γ. The invariant mass of K + π + π − was required to be between 1.0 GeV/c 2 and 2.4 GeV/c 2 . To extract the signal yield, we made a fit to the M bc distribution and obtained 57.7
+11.8 −11.1 +6.4 −1.9 signal events with a statistical significance of 6.0σ (Fig. 3) . We first observed B + → K + π + π − γ and determined the branching fraction as
+0.50 −0.47
The invariant mass of reconstructed K + π + π − is shown in Fig. 3 . We can observe a significant excess below 1.8 GeV/c 2 . In this mass region, there are many higher kaonic resonances which contribute to this decay mode, which are difficult to distinguish. However we can still identify K + π + π − via K * π or Kρ. We performed on unbinned maximum likelihood fit to M bc , the invariant mass of K + π − (M Kπ ) and π + π − (M ππ ). Fig. 4 shows the M Kπ and M ππ distributions along with the fit. We obtained the signal yield of K * πγ, Kργ and non-resonant Kππγ to be 32.5 
This result shows that the B + → K + π + π − γ process is consistent with a mixture of B + → K * 0π + γ and B + → K + ρ 0 γ. We measured the exclusive two and three body hadronic final states of radiative decay. These exclusive decay rates could be compared with the inclusive B → X s γ decay rate. 6 When we calcurate the exclusive decay rate, the isospin invariance in the decay rate was assumed. We summed up those decay rates, giving 11.7 ± 2.0 × 10 −5 . This accounts for 35 ± 11% of the inclusive decay rate. 
Here, we summarize what is already published in Ref. 7 We reconstructed B → K ( * ) ℓ + ℓ − from oppositely charged lepton pair (e + e − or µ + µ − ) and a kaon or a
. The J/ψX s and ψ ′ X s events were vetoed by dilepton invariant mass cuts. The di-electron which comes from photon conversion and π 0 Dalitz decay are removed by requiring M ee > 0.14 GeV/c 2 . The continuum background was suppressed using a likelihood ratio formed by a Fisher discriminant, cos θ B and the angle between the B candidate sphericity axis and z axis cos θ sph . The Fisher discriminant was calculated from the energy flow in 9 cones along the B candidate sphericity axis and the normalized second FoxWolfram moment (R 2 ). Another major background is BB events where both B mesons decay to X c ℓν. This background is suppressed by another likelihood ratio constructed from a missing energy in the event and cos θ B .
To extract the signal yield, we made a fit to the M bc distributions (Fig. 5) . We observed 9.5 
and found them to be consistent with the SM predictions. 8 For other modes, we set the upper limits as follows: 
Analysis of B
The B → X s ℓ + ℓ − decay was reconstructed by combining an X s system and an oppositely charged lepton pair ( e + e − or µ + µ − ). The X s is formed from one charged or neutral kaon and zero to four pions where at most one neutral pion is allowed. The continuum background is suppressed by R 2 and the he remaining tracks. The BB background is suppressed by two likelihood ratios. The first likelihood ratio is formed from the missing energy and the X s mass. The second likelihood is constructed from cos θ B and the sum of the cosine of the angle between the kaon and leptons (cos θ Kℓ + + cos θ Kℓ − ). The best candidate is selected by ∆E.
The signal yield is extracted from a fit to the M bc distributions. We have found no significant excess, and set the upper limits as follows:
B(B → X s e + e − ) < 10.2 × 10
B(B → X s µ + µ − ) < 19.9 × 10
(90% C.L.).
These results are close to the SM predictions. 9 
Summary
We have studied penguin-mediated B decays. The branching fractions of B → K * γ, B 0 → K * 2 (1430) 0 γ, B + → K + π + π − γ, B + → K * 0 π + γ were measured and the upper limit of B 0 → K + ρ 0 γ was set. The B + → K + π + π − γ was observed for the first time. In B → K * γ decay, we set the most stringent limit on the partial rate asymmetry, which was found to be consistent with zero. We observed B → Kℓ + ℓ − , and the measured branching fraction was found to be consistent with the SM predictions. 8 For other b → sℓ + ℓ − transitions, we set the upper limits of the branching fractions. These results were used to constrain the Wilson coefficients C eff 9 and C 10 . 10
